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THE MANSON IMPACT STRUCTURE, A POSSIBLE S I T E  FOR A CRETACEOUS- 
TERTIARY (K-T) BOUNDARY IMPACT; J .  B. Hartung, So la r  System ASSOC., Des Moines, 
I A ,  M. J .  Kunk, U. S. Geol. Survey, Reston, VA, and R. R. Anderson, Iowa Dept. 
Nat. Res., Geol . Survey Bureau, Iowa City, I A  

The Manson impact s t ruc tu re ,  about 35 km i n  diameter, i s  t he  l a r g e s t  
impact c r a t e r  recognized i n  t h e  Uni ted States.  I t s  cen ter  i s  l oca ted  near t h e  
town o f  Manson, 29 km west of F o r t  Dodge, Iowa. The s t r u c t u r e  i s  n o t  w e l l  
known g e o l o g i c a l l y  because i t  i s  covered by tens o f  meters o f  g l a c i a l  deposi ts .  
What i s  known about the  s t r u c t u r e  has been learned most ly  from the  s tudy of 
water we l l  c u t t i n g s .  A t  Manson the  normal Phanerozoic and Pro terozo ic  
sedimentary rocks have been rep laced by c e n t r a l l y  u p l i f t e d  Pro terozo ic  
c r y s t a l l i n e  rocks t h a t  a r e  rep resen ta t i ve  o f  t he  normal basement i n  t h i s  p a r t  
o f  Iowa. 
which are  rough ly  e n c i r c l e d  by pe r iphe ra l  l y  f a u l  t ed  and s l  umped sequences o f  
normal sedimentary s t r a t a  (F igure  1). R a d i a l l y  outward normal sedimentary 
s t r a t a  a re  u p l i f t e d  s l i g h t l y .  Manson, once i n t e r p r e t e d  as a c ryp tovo lcan ic  
s t r u c t u r e  (1,2), i s  now considered an impact s t r u c t u r e  based on i t s  c i r c u l a r  
shape, i t s  c e n t r a l  u p l i f t  and the  presence o f  m u l t i p l e  i n t e r s e c t i n g  se ts  o f  
shock lamel lae  i n  quar tz  g ra ins  from the  c e n t r a l  u p l i f t  (3). 
cross sec t i on  g i v i n g  our  i n t e r p r e t a t i o n  of t he  Manson s t r u c t u r e  i s  shown i n  
F igure  2 ( 4 ) .  

Manson 2-A core i n  the  c e n t r a l  u p l i f t  are shown i n  F igure  3. 
i n t e r p r e t e d  t o  i n d i c a t e  a nea r l y  complete degassing of the  m i c r o c l i n e  a t  t he  
t ime o f  the  Manson impact. 
by the  presence o f  extraneous argon i n  the  low-temperature f r a c t i o n s  
( f r a c t i o n s  1 t o  3), i t  suggests an age of about 66 Ma f o r  the  Manson s t r u c t u r e  
( f r a c t i o n s  4 t o  7 ) .  
i nc reas ing  temperature o f  re lease. 
i n t e r p r e t e d  t o  represent  d i f f u s i o n a l  l oss  due t o  reheat ing  a t  t he  t ime o f  t he  
impact and du r ing  subsequent cool ing.  Therefore,  t he  66-Ma age ( f r a c t i o n s  4 
t o  7 )  represents  a maximum f o r  the  t ime o f  the  impact. 

boundary throughout the  wor ld,  have a s i g n i f i c a n t l y  l a r g e r  s i z e  and a re  more 
abundant i n  the  western i n t e r i o r  o f  Nor th America than elsewhere i n  the  world. 
Furthermore, shocked fe ldspar  and g r a n i t i c  fragments a re  found a t  t he  K-T 
boundary i n  Nor th America. 
impact must have penetrated con t inen ta l  c r u s t  i n  Nor th America ( 5 ) .  
Manson impact i nvo l ved  con t inen ta l  c r u s t a l  ma te r ia l  and i s  t he  o n l y  one known 
i n  Nor th  America w i t h  an age i n d i s t i n g u i s h a b l e  from t h a t  o f  t he  K-T boundary. 

be due t o  chance. 
u n c e r t a i n t i e s  i n  the  boundary and impact ages ( a t )  and the  produc t ion  r a t e  o f  

For example, i f  the  produc t ion  r a t e  o f  35-km-diameter-and-larger c r a t e r s  i n  
Nor th America i s  2 x 10-8 yr-1 ( 6 )  and i f  the  combined u n c e r t a i n t y  i n  the  
boundary and impact ages i s  2 x 106 y r ,  t he  p r o b a b i l i t y  of a simultaneous 
impact and K-T boundary event ogcur ing by chance i s  0.04. The p r o b a b i l i t y  o f  
such a chance coincidence would be reduced i f  u n c e r t a i n t i e s  i n  the  ages were 
small e r .  

Th is  c e n t r a l  u p l i f t  i s  surrounded by completely d i s rup ted  rocks 

A schematic 

40Ar/39Ar age spectrum d a t i n g  r e s u l t s  f o r  a m i c r o c l i n e  separate f rom the  

Although the  age spectrum i s  s l i g h t l y  compl icated 

Th is  spectrum i s  

The remainder o f  t he  gas re leased c l imbs i n  age w i t h  
This p a t t e r n  of t he  age spectrum i s  

Shocked quar tz  g ra ins ,  present  i n  the  i r i d ium-bear ing  l a y e r  a t  the  K-T 

These observat ions i n d i c a t e  the  K-T boundary 
The 

The s i m i l a r i t y  i n  the  t imes o f  the  K-T boundary and the  Manson impact may 
The p r o b a b i l i t y  o f  coincidence by chance ( P )  depends upon 

impacts (R) and i s  g iven by: = - e -R(At)  
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dap of the area around Manson. lour shoring the 
locr t lons  o f  wells r h i c h  penet ra t r  a noma1 Ph;ncrozoic SQCliOn 
( e ) ,  dlsplaced s t r a t a  ( 0 ) .  complrtely dlsruoted s t r a t a  ( J ,  
and igneous and r t a m o r v h l c  rocks 1 - ) .  D a t a  were co l lec ted  b y  
Anderson and Co-borters.  Locations rher r  corrs have  been 
obtained a r c  also  Ind ica ted  I$). lhr  symbols 11) are tornshnp 
COrnQrf and are 6 (IO km) mi les apart. l h e  dashed l i n e  is f r o m  
Hershey ( 1 9 6 9 )  and Is fo r  reference on ly .  I t  r e f l e c t s  the 
l l m i l l  O f  t h e  S 1 r ~ l U r e  bared on d a t a  a v i t l a b l e  I n  1969. The 
data shown are thosr a v r i l a b l r  In  1987. 

Figure 2. 
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